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Cascade Valley Hospitat and Clinics
330 S. Stilliguamish Avenue
Arlington, WA 98223

Atin:  Connie DiGregorio

Re: Geotechnical Engineering Evaluation
Cascade Hospital Expansion
330 S. Stilliguamish Avenue
Arlington, Washington

Dear Mrs. DiGregorio,

As requested, GeoTest Services, Inc. is pleased to submit this report summarizing the
resulis of our geotechnical engineering evaluation for the referenced project. The
purpose of this evaluation was to establish general subsurface conditions beneath the
site from which conclusions and recommendations for foundation design could be
-formulated. Specifically, our scope of services included the following tasks:

e Exploration of soil and groundwater conditions underlying the site by drilling five
test borings with a truck-mounted drill rig to depths up to approximately 40 feat
BGS to evaluate subsurface conditions.

» Laboratory tes:ting on representative samples in order to classify and evaluate
the engineering characteristics of the soils encountered.

+» Provide this written report containing a description of subsurface conditions, iest
pit logs, and findings and recommendations pertaining to site preparation and
earthwork, fill and compaction, wet weather earthwork, seismic design, slope
stability, foundation recommendations, concrete slab-on-grade construction,
foundation and site drainage, infiltration potential, utilities, temporary and
permanent slopes, pavement subgrade preparation and geotechnical
consultation and construction monitoring.

PROJECT DESCRIPTION

We understand that the Cascade Valley Hospital and Clinics Master Plan Project will
consist of the construction of an approximately 58,000 square foot, three story new
hospital expansion and remodel of the existing approximately 52,000 square foot 1987
Cascade Valley Hospital building. The new structure will likely be steel framed with
conventional concrete foundation and slab-on-grade. The expansion is proposed to be
located fo the east of the existing three story facility. Three one story structures will
need to be demolished to accommodate the new expansion. New paved parking areas
and a relocated access road are also proposed for the site. Based on the exisfing,
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relatively flat topography within the vicinity of the proposed improvements, site grade
changes are anticipated to be minimal. The site is locaied at 33C S. Stilliguamish
Avenue in Arlington, Washington as shown on the Vicinily Map, Figure 1.

SITE CONDITIONS

This section discusses the general surface and subsurface conditions observed at the
project site at the time of our field investigation. Interpretations of the site conditions are
based on the results of our review of available information, site reconnaissance,
subsurface explorations, laboratory testing, and our experience in the project vicinity.

General Geoleogic Conditions

Geologic information for the project site was obtained from the Geoclogic Map of
Washington State (Schuster 2005), published by the Washingion Division of Geology
and Earth Resources. According to Schusier, surficial soils in the vicinity of the project
site consist of Pleistocene continental glacial drift (Qad). Soils defined as continental
glacial drift consist of till and putwash clay, silt, sand, gravel, cobbles, and boulders
deposited by or originating from confinental glaciers; locally includes peat, non-glacial
sediments, modified land, and artificial fill. Native undisfurbed soils ‘encounterad within
our test pit explorations were consistent with the continental glacial drift (fill) deposits.

Surface Conditions

The site of the proposed hospital expansion will be located in an improved area to the
east of the existing three story hospital building that was constructed in 1987. A one
story entrance building, one story MRI building, and one story administration and support
services building constructed in 1956 are planned fo be demolished to accommodate the
new addition. The new expansion will also be [ocated over existing paved parking areas
and an access road that leads to the current loading dock and helicopter pad. The
existing access road will likely be relocated io the south through the exisiing daycare
facility.

The tapography within the area of the proposed expansion is relatively flat and slopes
are based on the existing surface stormwater drainage gradients. Immediately west of
the proposed building footprint and south of the existing hospital building the topography
steps down approximately 10 feet to ihe loading dock and helicopter pad. This step is
faced with a rockery. To the south and west of the existing facility and proposed
expansion, the topography slopes down generally to the southwest at an average of
approximately 3H:1Y (horizontal: vertical) and up to a maximum of approximately 2H:1V.
The existing three story facility is currently set back from the top of an approximately
2H:1V slope by approximately 30 to 40 feet. Some apparent fill has been placed over
the top of this slope and was evidenced by occasionally buried tree trunks. Fill observed
on the slope was likely placed during past site grading activities.

The top of an approximately 3.5H:1V slope will be located approximately 70 feet from
the proposed hospital expansion. We have performed a detailed slope stability analysis
of this slope relatively to the proposed expansion location, the delails of which are
provided in the subsequent Slope Stability section in this report. Again, some apparent
fil may have been placed near the top of the approximately 3.5H:1V portion of the
subject slope and is likely attributed to past site grading or road building activities.
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Vegetation within the area of the proposed improvements generally includes landscape
shrubs, plants, and deciduous trees generally located within islands in the parking areas
and along the perimeter of existing buildings. Surface water was not observed within the
areas of the proposed improvementis or over the face of site slopes at the time of our
field investigation in August of 2007.

During our review of the property we observed some vertical cracking in the south and
west ground floor exterior walls of the existing three story hospital building. It appeared
as though the cracks did not extend into the precast concrete exterior wall panels of the
overlying floor. We did not observe cracking at precast concrete panel to panel
connections either. We did have the opportunity to observe the siructural plans for the
existing main hospital building which was constructed in the 1980s, The bearing value
prescribed for this project was 8000 pounds per square foot (psf). We did not observe a
geotechnical report for the existing building or a reference to such a report with the
structural plans. [t is possible that the cracking may have been caused by concrete
shrinkage after placement or differential settlement. No significant damage to the
structure was noted and the actual cause of the concrete cracking cannot be determined
at this time.

Subsurface Soil Conditions

Subsurface conditions within the areas of interest at the site were explored by drllllng
and sampling five exploratory fest borings with a fruck-mounted drilf rig on August 3™
and 4", 2007. The borings (B-1 through B-5) were advanced fo depths between
approximately 10 and 39 feet below ground surface {BGS). Our borings were generally
located around the perimeter of the new expansion as shown on a site plan provided to
us by Taylor Gregory Butterfield Architects. The approximate locations of the borings
are shown on the Site and Exploration Map, Figure 2. A discussion of field exploration
and laboratory lest procedures, together with edited boring logs, is presented in
Appendix A,

The subsurface conditions ware generally consistent below the project site. The
subsurface profile generally consisted of a thin layer of asphalt pavement over fill over
native glacial till deposits.

At the surface of all five boring expleorafions, approximately 2 to 4 inches of asphalt
pavement was encountered. Underlying the asphalt pavement at all five boring
locations, medium dense to very dense, brown, damp, gravelly, slightly silty to silty sand
{possible fill) was encountered to depths ranging between approximately 2V: to 5 feet
BGS. It was difficult o determine the exact fill depths because our sampling was limited
to 2% foot intervals. Below the fill at all five boring locations, medium dense to very
dense, light brown to gray, damp o occasionally wet, gravelly, clayey to very clayey, fine
to coarse sand with occasional cobbles and trace boulders (glacial till) was encountered
to the full extent of our explorations.

It shouid be noted that refusal was met on boulders andfor large cobbles that were
encountered at various depths at all five boring locations. At the majority of our boring
locations it was necessary to relocate the drill rig in order fo miss boulders and achieve
our final boring depths. Accordingly, we anticipate that occasional boulders will likely be
encountered during sile grading activities. In addition, during our site evaluation, we
briefly discussed our activities with Connie DiGregorio, Cascade Valley Hospital &
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Clinics Assistant Administrator, Resources.  Mrs. DiGregorio recalled difficulty
encountered by the coniracior with the excavation of boulders during the earthwork
phase of the construction of the main hospital building.

Groundwater

At the time of our subsurface invesfigation in August of 2007, groundwater seepage was
observed within explorations B-1 through B-3 at depths that ranged between
approximately 7% and 20 feet BGS. In addition, we encountered some relatively
loose/soft saturated soils within exploration B-2 between approximately 3 to 8 feset BGS
that may require limited overexcavation to reach suitable bearing soils. We were not
able to identify the lateral extent and depth of the saturaied soils at the time of our
subsurface exploration. Therefore, unsuitable and/or saturated soils will need to be
identified and removed down to suitable bearing conditions during site grading activities.

The groundwater seepage was encountered within the general vicinity of the proposed
hasement area during our subsurface investigation in August of 2007. It appeared that
the seepage encountered below the site may be locally isolated seepage zones,
potentially trapped within sand lenses, or water "perched” on the relatively impermeable
dense glacial till deposits and not indicative of a groundwater table. Accordingly, limited
dewatering should be anticipated during site grading and excavation acfivities. Based
on the limited seepage encountered during our subsurface invesiigation, in our opinion,
typical sumpftrash pumps will likely be sufficient to remove water during excavation
activities. If significant seepage is encountered during site grading and excavation
activities, we recommend that GeoTest be nolified immediately to help determine the
appropriate method of dewatering and/or drainage confrol. In addition, gravel working
mats or conirolled density fill may be warranted to protect the subgrade during earthwork
operations, particularly during extended periods of wet weather.

The groundwater conditions reported on the boring logs are for the specific locations and
dates indicated, and therefore may not necessarily be indicative of other locations and/or
times. Groundwater levels are not stafic and it is anticipated that groundwater conditions
will vary depending on local subsurface conditions, season, precipitation, changes in
land use both on and off site, and other factors.

CONCLUSIONS AND RECONMMENDATIONS

Based upon evaluation of the data collected during this investigation, it is our opinion
that subsurface conditions at the site are suitable for the proposed construction,
provided the recommendations contained herein are incorporated into the project
design.

Based on the subsurface conditions encountersd at the project site, approximately 2% to
5 feet of asphalt pavement, fili and/or unsuitable soil may have 1o be removed prior to
structural fill placement or foundation formwork. Within the vicinity of exploration B-2,
located to the northeast of the existing three story building, as much as approximately 8
feet of softfloose, saturated soil may have o be removed and replaced with properly
compacted import structural fill. In addition, occasional boulders and/or large cobbles

were encountered below the sife and should be anticipated during site grading activities.
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Conventional shallow isolated and continuous footings are considered feasible for this
project provided that all of the encountered pavement, topsoil, fill, foundation debris
rasulting from demolition activities, and loose, organic upper portions of the native soil
are removed below structural areas and the foundation elemsnis bear directly on
suitably prepared native soil or on properly compacted structural fill placed dirsctly over
suitable native soil. '

Site Preparation and Earthwork

The portions of the site fo be occupied by proposed foundation{s), pavement, or
sidewalk should be prepared by removing any existing pavement, concrete, fill, topsoit
and significant accumulations of organics from the arsa to be developed. Prior to
placement of any structural fill, the exposed subgrade under all areas fo be occupied by
soil-supported floor slabs and spread or continuous foundations should be recompacted
to a dense and unyielding condition and proof rolled with a loaded dump truck, large self-
propelled vibrating roller, or equivalent piece of equipment applicable to the size of the
excavation. . The purpose of this effort is fo identify possible loose or sofl soil deposits
and recompact the soil exposed during site demolition and excavation activifies.

Procf rolling should be carefully observed by qualified geotechnical personnel. Areas
exhibiting significant deflection, pumping, or over-saturation that cannot be readily
compacied should be overexcavaled to firm soil. Overexcavated areas should be
backfilled with compacted granular material placed in accordance with subsequent
recommendations for structural fill. During periods of wet weather, proof rolling could
damage the exposed subgrade. - Under these conditions, qualified geotechnical
personnel should observe subgrade conditions to determine if proof rolling is feasible.

Fill and Compaction

Structural fill used to obtain final elevations for footings and soil-supported floor siabs
must be properly placed and compacted. In general, any suitable, non-organic, -
predominantly granular soll may be used for fill material, including portions of the
existing onsite soil, provided the malerial is properly moisture conditioned prior fo
placement and compaction, and the specified degree of compaction is obtained. If the
existing onsite soil is fo be reused for structural fill, any cobbles or other material greater
than about 6 inches in diameter should be removed. Excavated site material containing
topsail, wood, trash, organic material, or construction debris will not be suitable for reuse
as structural fill and should be properly disposed offsite or placed in nonstructural areas.

Reuse of Onsite Soif

It is our opinion that the generally granular material underlying the site (glacial till) may
be used as struciural fill below the proposed improvements once properly moisture
conditioned and the specific degree of compaction is attained. Reuse of the native soil
underlying the site as structural fill will prove most cost effective compared to importing
sfructural fill 1o the site. However, due to the relatively high fines content of the native
soil, it is considered moisture sensitive and may be difficult to achieve compaction if the
soil moisture content is nat close to optimum. In our opinion, reuse of site soils as
structural fill should be avoided during periods of wet weather and only used during the
warmest summer manths. {f the native soil is to be used as structural fill at the site, we
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recommend that GecTest be involved with planning and construction monitoring for fili
placement activities.

Based on the results of laboratory tesis performed on representative samples, native,
undisturbed site soils in the upper 10 feet have “fines™ contents (percent passing the
U.S. No. 200 sieve) ranging between approximately 28 to 34 percent of the dry weights.
Soils containing more than approximately 5 percent fines are considered moisture
sensiive, and are very difficult to compact to a firm and unyielding condition when over
the optimum moisture content by more than approximately 2 percent. The opfimum
moisture conient is that which allows the greatest dry density to be achieved at a given
level of compactive effart.

Moisture contents of the soil samples recovered from the fest pits in the upper 10 feef of
the existing undisturbed native soils ranged from about 9 to 18 percent of the dry weight.
The moisture contents of most of the soil samples were generally near to slightly above
the estimated ranges of optimum moisture contents for the native glacial till deposits
encountered in our boring explorations. Accordingly, native site soils will likely need to
scarified to a more optimum moisture condition prior to placement.

Imported Structural Fill

We recommend that imporied structural fill consist of clean, well-graded sandy gravel,
gravelly sand, or other approved naturally occurring granular material {pit run) with at
least 40 percent retained on the No. 4 sieve, or a well-graded crushed rock. Structural
fill for dry weather construction may contain on the order of 10 percent fines (that portion
passing the U.5. No. 200 sieve) based on the portion passing the U.S. No. 4 sieve. Soil
containing more than about 5 percenl fines cannot consistently be compacted fo a
dense, non-yielding condition when the water content is greater than optimum.
Accordingly, we recomrmend that imported structural fill with less than 5 percent fines be
used during wet weather conditions. Due to wet wealher or wet site conditions, soil
moisture contents could be high enough that it may be very difficult o compact sven
“clean” imported select granular fill o a firm and unyielding condition. Soils with over-
optimum moisture contents should be scarified and dried back to more suitable moisture
contents during perods of dry weather or removed and replaced with fill soils at a more
suitable range of moisture contents.

Backiill and Compaction

Structural fill should be placed in horizontal lifts 8 to 10 inches in loose thickness and
thoroughly compacied. All structural fill placed under load bearing areas should be
compacted {o at least 95 percent of the maximum dry density, as determined using test
method ASTM D 15657. In paved areas, the fill should be compacted to at least 92
percent, except the upper 24 inches of subgrade, which should be compacted to a
minimum of 95 percent of maximum dry density. The fop of the compacted structural fill
should extend outside all foundations and other structural improvements a minimum
distance equal to the thickness of the fill. We recommend that compaction be tested
after placement of each lift in the fill pad.

Page 6 of 16



GeoTest Services, inc Seplamber 18, 2007
Cascade Hospital Expansion, Arlington, Washington Job Nao. 07-0556

Wet Weather Earthwork

As described above, the onsite soils are moisture sensitive. |t is our experience that the
native till is particularly susceptible to degradation during wet weather. As a result, it
may bhe difficuli to control the moisture content of the site soils during the wet season. If
construction is accomplished during wet weather, we recommend that structural fill
consist of imported, clean, well-graded sand or sand and gravel as described above. K
fill is to be placed or earthwork is to be performed in wet weather or under wet
conditions, the contractor may reduce soil disturbance by:

Limiting the gize of areas that are siripped of topsoil and left exposed
Accomplishing earthwork in small sections

Limiting construction traffic over unprotected soil

Sloping excavated surfaces to promote runoff

Limiting the size and type of construction equipment used

Providing gravel *working mais” over areas of prepared subgrade

Removing wet surficial soil prior to commenting fll placement each day

Sealing the exposed ground surface by rolling with a smooth drum compactor or
rubber-tired roller at the end of each working day

» Providing upgradient perimeter ditches or low earthen berms and using
femporary sumps to collect runoff and prevent water from ponding and damaging
exposed subgrades.

Seismic Design‘Considerations

The Pagcific Northwest is seismically active and the sité could be subject to ground
shaking from a moderate to major earthquake. Consequently, moderate levels of
earthquake shaking should be anticipated during the design life of the project, and the
proposed structures should be designed to resist earthquake loading using appropriate
design methodology. The relatively dense condition of the native glacial {ill and the
general absence of saturated conditions effectively preclude seismically induced soil
liquefaction. In addition, it is anticipated that the site would not be subject to seismically
induced landslides, lateral spreading, or other ground failure.

For structures designed using the seismic design provisions of the 2006 Intemational
Building Code, the dense, native, gravelly, silty sand (glacial till), interprefed to underie
site in the upper 100 feet, classifies as Site Class D, stiff soil profile, according to Site
Class Definitions, Table 1613.5.2. The corresponding values for calculating a design
response spectrum for the assumed soil profile type is considered appropriate for the
site.

Please use the following values fdr seismic structural design purposes:
Contemiinous 48 States — 2003 NEHRP Seismic Design Provisions

Zip Code 98223 .
Central Latitude = 48.19, Central Longitude =-122.12
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Short Period {0.2 sec) Spectral Acceleration

MCE Vaiue of S, = 1.044 (g)

Site Response Coefficient, F.= 1.082 (Site Class D) '

Adjusted speciral response acceleration for Site Class D, Sys = S;x F, = 1.130 (@)
Design spectral response acceleration for Site Class D, Sps = 2/3 x 8M,= 0.753 (g)

One Second Period (1 sec) Speciral Acceleration

MCE Value of 8, = 0.355 (g}

Site Response Coefiicient, F,= 1.689 (Site Class D)

Adjusted spectral response acceleration for Site Class D, Sw = 8;x F, = 0.660 (g)
Design spectral responsse acceleration for Site Class D, Spy = 2/3 x SM,= 0.400 (g)

Slope Stability

As mentioned previously, the proposed expansion is planhed to be set back
approximately 70 feet from an approximately 3.5H:1V soil slope. For our modeling
purposes, we assumed that a 3 to 5 foot thick layer of silty sand (possible fill, Density =
115 pef and Friction Angle = 28 degrees) exists over dense, gravelly, very clayey sand
(glacial till, Density = 125 pcf and Friction Angle = 32 degrees).

Global stability analyses were performed on a representative cross-sectional area based
on the above mentioned parameters. A computer slope stability program, Slope/W, was
used to determine the factors of safety for the global stability of the slopes under both
static and seismic conditions. The computer stability program was used to randomly
generate and evaliuate circular and block failures within the slope area using the
simplified Bishop’s method of slices. The potential effects of seismic loading on the
global stability of the slope were analyzed assuming a peak horizontal ground
acceleration of 0.24q for a seismic event with a probability of exceedance of 10 percent
in a 50 year period (USGS 2007). The horizontal forces developed during earthquake
shaking were represented by a "pseudo-static” seismic coefficient K. The horizontal
acceleration used in seismic stability analysis for natural soil slopes is fypically assumed
to be one half of the free-field acceleration. Accordingly, the seismic coefficient used in
our stability analysis of the slope was 0.12g.

Based on the results of our stability analysis using the above mentioned parameters and
slope geomeiry, the global stability meets and exceeds the recommended factors of
safety of 1.5 and 1.1 for static and seismic loading, respectively. We have attached
figures from our computer modeling program that display the resulting static and seismic
safety factors for your convenience.

The resulting factors of safety were 2.282 for static condition and 1.570 for seismic
condition based on our computer modeling. Therefore, it is our opinion thai the subject
slope does not present a landslide hazard relative to the proposed expansion location.

Foundation Support and Settlement

As mentioned previously, based on the subsurface condifions encountered at the project
site, from the existing ground surface approximately 2 to 5 feet of unsuitable soil may
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have to be removed prior to structural fill placement or foundation formwork. Within the
vicinity of exploration B-2, located to the northeast of the existing three story building, as
much as approximately 8 fest of soft/loose, saturated soil may have to be removed and
replaced with properly compacted import structural fill. In addition, occasional boulders
and/or large cobbles were encountered below the sife and should be anticipated during
site grading activities.

Foundation support for the proposed improvements may be provided by continuous or
isolated spread footings founded on the proof-rolled, undisturbed, dense to very dense,
gravelly, clayey to very clayey sand (glacial till) or.on properly compacted structural fill
placed direclly over undisturbed native soil. To provide proper support, we recommend
that all existing fill or foundation debris beneath the building foundation arsa(s) be
removed and replaced with properly compacted structural fill as described above.
Aliernatively, localized overexcavations could be backfilled fo the design footing
elevation with lean concrete or foundations may be exiended {o bear on dense,
undisturbed native soil. In areas requiring overexcavation to competent native soil, the
hmits of the overexcavation should extend |aterally beyond the edge of each side of the
footing a distance equal to the depth of the excavation below the base of the footing. If
lean concrete is used to backfill the overexcavation, the limits of the overexcavation
need only extend a nominal distance beyond the width of the footing.

All coniinuous and isolated spread footings should be founded a minimum of 18 inches
below the lowest adjacent final grade for freezefthaw protection. The footings should be
sized in accordance with the structural engineer’s prescribed design criteria and seismic
considerations.

Allowable Bearing Capacity

Assuming the above foundation support criteria are satisfied, continuous or isolated
spread footings founded directly on the native, light brown to gray, medium dense to
vary dense, gravelly, clayey to very clayey sand (glacial fill) or on compacted structurali
fill placed direclly over undisturbed native soils may be proportioned using a maximum
net allowable soil bearing pressure of 3,000 pounds per square ft {psf). The term "net
allowable bearing pressure® refers to the pressure that can be imposed on the soil at
foundation level rasutting from the fotal of all dead plus live loads, exclusive of the weighl
of the footing or any backfi! placed above the footing. The net allowable bearing
pressure may be increased by one-third for transient wind or seismic loads.

We understand that in 1987 the main building was designed using a net allowable
bearing capacity of 8,000 psf. We have limited our bsaring capacity to 3,000 psf for the
following reasons:

= Based on SPT blow counts, we encountered medium dense soils within the

- upper 15 feet that would be directly influenced by the proposed building
loads. Native, undisturbed medium dense soils generally do not exceed a
bearing capacity of 3,000 psf. :

= |n addition, we encountered several boulders below the proposed building
location and some relatively loose/soft saturated soils that will likely need to
be removedfoverexcavated and replaced with structural fill. The bearing
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capacity for well compacted structural fill generally does not exceed 3,000
psf.

We have removed deep foundation design recommendations, such as piles, from our
report due to the presence of large boulders encountered at various depths at all five of
our boring exploration locations. The drill rig we used during our subsurface
investigation suffered from excessive wear on encountered boulders and large cobbles
and our subsurface program was terminated after the drill rig blsw a transmission. We
would anticipate that the presence of boulders and large cobbles at various depths
below the site would cause significant difficulties during pile instaliation.

Foundation Setilement

Settlement of shallow foundations depends on foundation size and bearing pressure, as
well as the strength and compressibility characteristics of the underlying soil. Assuming
consfruciion is accomplished as previously recommended and for the maximum
allowable soil bearing pressure recommended above, we estimate the total settiement of
building foundations should be less than about one inch and differential settlement
between two adjacent joad-bearing components supported on competent soit should be
less than about one half the total settlement. The soil response to applied sfresses
caused by building and other loads is expected to be predominantly elastic in nature,
with most of the settlement occurring during construction as loads are applied.

Reasjstance to Lateral Loads

Passive earth pressures developed against the sides of building foundations, in
conjunction with friction developed between the base of the footings and the supporting
subgrade, will resist lateral loads fransmitted from the structure fo iis foundation. For
design purposes, the passive resistance of well-compacted fill placed against the sides
of foundations may be considered equivalent to a fluid with a density of 250 pounds per
cubic ft. The recommended value includes a safety factor of about 1.5 and is based on
the assumption that the ground surface adjacent to the structure is level in the direction
of movement for a distance equal to or greater than twice the embedment depth. The
recommended value also assumes drained conditions that will prevent the buildup of
hydrostatic pressure in the compacied fill. In design computations, the upper 12 inches
of passive resistance should be neglecled if the soil is not covered by floor slabs or
pavement. If future plans call for the removal of the soil providing resistance, the
passive resistance should not be considered.

An allowable coefficient of bass friction of 0.25 for undisturbed nafive soil and native soil
reused as structural fill and an allowable coefficient of base friction of 0.30 for import
structural fill, applied to vertical dead loads only, may be used between the underlying
soil and the bass of the footing. However, if passive and frictional resistance are
consicered together, one half the recommended passive soil resistance value should be
used since larger sfrains are required to mobilize the passive soil resistance as
compared to frictional resistance. A safety factor of about 1.5 is included in the base

friction design valua. We do not recommend increasing the coefficient of friction fo resist
seismic or wind loads.

The lateral earth pressures that develop against subsurface building and retaining walls
will depend on the method of backfill placement, degree of compaction, slope of backiill,
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type of backiill material, provisions for drainage, magnitude and location of any adjacent
surcharge ads, and the degres to which the wall can yield laterally during or after
placement of backfill. If the wall is aliowed to rotate or yield so the top of the wall moves
an amount equal to or greater than about 0.001 1o 0.002 times its height (a yielding wall),
the soil pressure exerted will be the active soil pressure. When a subsurface wall is
restrained against lateral movement or tilting (a nonyielding wall), the soil pressure
exerted is the at-rest soil pressure. Wall restraint may develop if a rigid structural
network is constructed prior to backfilling or the wall is inharently sfiff.

We recommend that yielding walls with level backfill under drained conditions be
designed for an equivaient fluid density of 35 pounds per cubic ft (pcf) for structural
backfill {pit run} in active soil conditions. Nonyielding walis with level backfill under
drained conditions should be designed for an equivalent fluid density of 55 pcf for at-rest
conditions. Design of subsurface walls should include appropriate lateral pressures
caused by surcharge loads located within a horizontal distance equal to or less than the
height of the wall. For uniform surcharge pressures, a uniformly disfributed lateral
pressurs equal to 35 percent and 50 percent of the vertical surcharge pressure should
be added to the lateral soil pressures for yielding and nonyielding walls, respectively.

Concrete Slabs-on-Grade -

Conventional slab-on-grade floor construction is considered feasible for the planned sife
improvements. Floor slabs may be supporied on properly prepared native subgrade or
on properly placed and compacted structural fill placed over properly prepared native
subgrade. Prior io placement of the structural fill, the subgrade should be proof-rolled as
recommended in the Site Preparation and Earthwork section of this report.

We recommend that interior concrete slab-on-grade floors be undertain by a minimum of
6 inches of compacied, clean, free-draining sand and gravel with less than 5 percant
passing the U.S. Standard No. 200 sieve {based on a wet sieve analysis of that portion
passing the U.S. Standard No. 4 sieve). The purpose of this layer is fo pravide uniform
support for the slab, provide a capillary break, and act as a drainage layer. To help
reduce the potential for water vapor migration through floor slabs, at a minimum a
continuous impemeable membrans of 6- to 10-mil polyethylene sheetfing with tape-
sealed joints should be installed below the slab. The American Concrete Institute {ACIL)
guidelines suggest that the slab may either be poured directly on the vapor retarding
membrane or on a granular curing layer placed over the vapor retarding membrane
depending on conditions anficipated during construction. We recommend that the
architect or structural engineer specify if & curing layer should be used. If moisture
control within the building is critical, we recommend an inspection of the vapor retardlng
membrane to verify that all openings have been properly sealed.

Exterior concrete slabs—on-grade, such as sidewalks, may be sﬁpported directly on
undisiurbed native or on properly placed and compacted siructural fill, however, long-
term performance will be enhanced if exterior slabs are placed on a Iayer of clean,
durable, well-draining granular material.

Foundation and Site Drainage

To reduce the potential for groundwater and surface water to seep info interior spaces
we recommend that an exterior footing drain system be constructed around the
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perimeter of new building foundations as shown in the Typical Footing and Wall Drain
Section, Figure 3. The drain should consist of a minimum 4-inch diameter perforated
pipe, surrounded by a minimum 12 inches of filkering media with the discharge sloped to
carry water to a suitable collection system. The filtering media may consist of open-
graded drain rock wrapped by a nonwoven geotextile fabric (such as Mirafi 140N,
Synthetic Industries 351, or equivalent) or a graded sand and gravel filter. The drainage
backfill should be carried up the back of wall and contain less than 3 percent by weight
passing the U.S. Standard No. 200 sieve {based on a wet sieve analysis of that portion
passing the U.S. Standard No. 4 sieve). The invert of the fooling drain pipe should be
placed at approximately the same elevation as the bottom of the footing or 12 inches
below the adjacent floor slab grade, whichever is deeper, so that water will not seep
through walls or floor slabs. The footing drain should discharge to an approved drain
system and include cleanouts to allow periodic maintenance and inspection.

Positive surface gradients should be provided adjacent to the proposed building to direct
surface water away from the foundation and toward suitable drainage facilities. Roof
drainage should not be introduced into the perimeter footing drains, but should be
separately discharged directly to the stormwater collection system or other appropriate
outlet. Pavement and sidewalk areas should be sloped and drainage gradients should
be maintained to carry all surface water away from the building towards the local
sformwater collection sysiem. Surface water should not be allowed to pond and soak
info the ground surface near buildings or paved areas during or after construction.
Construction excavations should be sloped o drain to sumps where water from
seepage, rainfall, and runoff can be collected and pumped to a suitable discharge
facility. :

Infiltration Potential

Native glacial till soils encountered below the site are over-consolidated, generally
cemented in nature and generally have a high “fines” content (that which passes the
U.S. No. 200 sieve). Therefore, the native glacial fill soils underlying the site are
relatively impermeable and are generally unsuitable for infiltration purposes.

In our opinion, sformwater runoff at the site should be collected using a subsurface
detention vault, detention pond, or directed info the City storm system. We do not
racommend considering infiltration for stormwater management at the site.

Utilities

It is important that utility frenches be properly backfilled and compacted to minimize the
possibility of cracking or [ocalized loss of foundation, stab, or pavement support. It is
anticipated that excavations for new underground utiliies will be in medium dense io
very dense existing near-surface glacial till soils or compacted fill material,

Trench backfill in improved areas (beneath structures, pavements, sidewalks, etc.)
should consist of structural fill as defined earlier in this repori. Based on the soil grain-
size distribufions and meisture conditions encountered in our test pits, it may be difficult
to utilize portions of the near-surface site soils for compacted utility trench backfil
without proper moisture conditioning. The use of imparted, granular soil should be
anticipated for backfill in improved areas. Outside of improved areas, trench backfill may
consist of onsite soil. Trench backfifl should be placed and compacted in accordance
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with the report section Filf and Compaction and as shown on Figure 4, Typical Utility
Trench Section.

Surcharge loads on trench support systems due to construction equipment, stockpiled
material, and vehicle traffic should be included in the design of any aniicipated shoring
sysiem. The contractor should implement measures to prevent surface water runoff
from entering trenches and excavations. In addition, vibration as a result of construction
activities and traffic may cause caving of the trench walls.

Actual french configurations should be the responsibility of the confractor. All applicable
local, state, and federal safety codes should be followed. All open cuts shouid be
monitored by the contractor during excavation for any evidence of instability. If instability
is detected, the coniractor should flatten the side slopes or install temporary shoring. K
groundwater or groundwater seepage is present, and the trench is not properly
dewatered, the soil within the trench zone may be prone to caving, channeling, and
running. Trench widths may be substantially wider than under dewatered conditions.

Temporary and Permanent Slopes

Actual construction slope corfigurations and maintenance of safe working conditions,
including temporary excavation stability, should be the responsibility of the contractor,
- who is able fo monitor the construction activities and has direct conirel over the means
and methods of construction. All applicable local, state, and federal safety codes should
be followed. Al open cuts should be monitored during and after excavation for any
evidence of instability. If instabiiity is detected, the contractor should flatten the sida
slopes or install temporary shoring.

Temporary excavations in excess of 4 ft should be shored or sloped in accordance with
Safety Standards for Construction Work Part N, WAC 296-155-657. If temporary
shoring is implemented during excavation activities, the shoring should be designed
based on equivalent fluid densities of 45 pcf for the native glacial till in active soil
~ conditions and 60 pcf for at-rest conditions.

Temparary unsupported excavations in medium dense fo very dense, gravelly, silty sand
glacial soils encountered at the project site are classified as a Type B soil according to
WAC 206-155-657 and may be sloped as steep as TH:1V. All soils encountered are
classified as Type C soil in the presence of groundwater seepage. Flatter slopes or
femporary shoring may be required in areas where groundwater flow is present and
unstable conditions develop.

Woe recommend that permanent cut or fill slopes be designed for inclinations of 2H:1V or
flatter. All permanent cut slopes should be vegetated or otherwise protected fo limit the
potential for erosion as soon as praciical after construction. Permanent slopes requiring
immediate protection from the effects of erosion should be covered with either mulch or
erosion control netting/blankets. Areas requiring permaneni stabilization should be
seeded with an approved grass seed mixture, or hydroseeded with an approved seed-
mulch-fertilizer mixture.

Occasionally subsurface conditions may result in the concentration of seepage within

particular soil zones. The need for additional drainage within specrf‘ C seepage zones
can best be determined during or following consfruction.
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Pavement Subgrade Preparation

New pavemeni sections must be insfalled over a dense and unyielding subgrade.
Structural fill placed to establish subgrade elevation should be compacted to at least 92
percent, except the upper 24 inches of the subgrade, which should be compacted to a
minimum of 95 percent of its maximum dry density, as determined using test method
ASTM D 1557. Prior to the placement of base-course material and paving, the exposed
subgrade under all areas to be occupied by asphalt pavement should be proof rofied.
Proof rolling should be accomplished with & loaded dump ftruck, large self-propelled
vibrating roller, or equivalent piece of equipment. The purpose of this effort is to identify
possible loose or soft soil and recompact disturbed areas of subgrade.

Proof rolling should be carefully observed by geotechnical personnel. Areas exhibiting
significant deflection, pumping, or saturated scils that cannot be readily compacted
should be overaxcavated to firm soil. Overexcavated areas should be backfilled with
compacted granular fill. During periods of wet weather, proof rolling could damage the
exposed subgrade. Under these conditions, qualified geotechnical personnel should
observe subgrade conditions to determine if proof rolling is feasibie.

Base-course material should be compacted fo a minimum 85 percent of maximum dry
density, as delermined by test method ASTM D 1557. Prevention of road-base
saturation is essential for pavement durability; thus, efforts shouid be made to limit the
amount of water entering the base course.

Geotechnical Consultation and Construction Manitoring

GeoTest Services recommends that a geotechnical engineer familiar with the project
design review the earthwork and foundation portions of the design drawings and
specifications. The purpose of the review is to verify that the recommendations
presented in this report have been properly interpreted and incorporated in the design
and specifications.

We recommend that geotechnical construction monitoring services be provided. These
services should include observation by geotechnical personnel during fill
placement/compaction activities and subgrade preparafion operations to verify that
design subgrade conditions are obtained beneath the proposed building. We also
recommend that periodic field density testing be performed to verify that the appropriate
degree of compaction is obtained. The purpose of these services would be to observe
compliance with the design concepts, specifications, and recommendations of this
report, and in the event subsurface conditions differ from those anticipated before the
start of construction, provide revised recommendations appropriate to the condifions
revealed during construction. GeoTest Services would be pleased fo provide these
services for you.

GeoTest Services is also available to provide a full range of materials iesting and special
inspection during construction as required by the local building department and the
international Building Code. This may include specific construction inspections on
maierials such as reinforced concrete, reinforced masonry, and sfruciural steel. These
senvices are supported by our fully accredited materials testing laboratory.
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USE OF THIS REPORT

GeoTest Services has prepared this report for the exclusive use of Cascade Valley
Hospital and Clinics and their design consultants for specific application to the design of
the proposed Cascade Valley Hospital Expansion in Arlington, YWashington. Use of this
report by others or for another project is at the user's sole risk. Within the limitations of
scope, schedule, and budget, our services have been conducted in accordance with
generally accepted practices of the geotechnical engineering profession; no ather
warranty, either express or implied, is made as to the professional advice included in this
report.

Our site explorations indicate subsurface conditions at the dates and locations indicated.
It is not warranied that they are represeniafive of subsurface conditions at other
locations and times. The analyses, conclusions, and recommendations contained in this
report are based on site conditions to the limited depth of our explorations at the fime of
our exploration program, a brief geological reconnaissance of the area, and review of
published geological information for the site. We assume that the explorations are
representative of the subsurface conditions throughoul the site during the preparation of
our recommendations. If variations in subsurface conditions are encountered during
construction, we should be nofified for review of the recommendations of this report, and
revision of such if necessary. If there is a substantial lapse of ime between submission
of this report and the start of construction, or if conditions change due to construction
operations at or adjacent to the project site, we recommend that we review this report to
determine the applicability of the conclusions and recommendations contained herein.

The earthwork contractor is responsible to perfarm all work in conformance with all
applicable WISHA/OSHA regulations. GeoTest Services, Inc. should not be assumed to
be responsible for job site safety on this project, and this responsibility is specifically
disclaimed.
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We appreciate the opportunity to provide geotechnical services on this project and look
forward to assisting you during the consfruction phase. If you have any questions or
comments regarding the information contained in this report, or if we may be of further
service, please call.

Respectfully Submitted,
GeoTest Services, Inc.

David Jelium
Staff Geologist

?/N 3 o7
[Beres 12722757 ]

Dong-Soo Lee, P.E.
Geotechnical Engineer
Attachments: Figure 1 Vicinity Map

Figure 2 Site and Exploration Plan

Figure 3 Typical Foofing and Wall Draln Section

Figure 4 Typical Utility Trench Section

Appendix A Field Explorations and Laboratory Tesfing

Aftached Cascade Valiey Hosplial Slope Stability Analysis Figures (2 Pages)
REFERENCES

Schuster, J.E. 2005. Geologic Map of Washington Siate. Washington Division of Geolagy and Earth
Resources. (Geologic Map GM-53.
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APPENDIX A
FIELD EXPLORATIONS AND LABORATORY TESTING

Subsurface conditions at the site were explored on August 3“ and 4%, 2007. The
expioration program consisted of drilling and sampling five test barings (B-1 through B-3)
at the approximate locations illustrated on the Site and Exploration Plan (Figure 2 of this
report). The Borings were explored with a truck mounted drill rig to depths ranging from
10 to 39 feet below ground surface by Environmental Drilling, Inc. of Snohomish,
Washington. OQur exploration program was laid out based on the location of the
proposed hospital expansion as shown on a site plan drawn by Taylor Gregory
Butterfisld Architects. The explorations were located in the field by taping and pacing
from existing property comers and other feafures shown the referanced plan.
Exploration locations should be considered accurate to the degree implied by the
methods used.

The field explorations were coordinated and moniiored by a geologist from our staff who
obtained representative soill samples, maintained a detailed record of observed
subsurface soil and groundwater conditions, and described the soil encountered by
visual and textural examination. Each representative soil type observed was described
using the soil classification system shown on Figure A-1, in general accordance with
ASTM D 2488, Standard Recornmended Practice for Description of Soils (Visual-Mantiaf
Procedure). Logs of the test boring explorations are presented on Figures A-2 through
A-6. These logs represent our interpretation of subsurface conditions identified during
the field explorations. The stratigraphic contacts shown on the individual boring logs
represent the approximate boundaries between soil types; actual transitions may be
more gradual. Also, the soil and groundwater conditions depicted are only for the
specific date and locations reported, and therefore, are not necessarily representative of
other locations and times.

Representative soil samples encountered in boring explorations were obtained at
selected intervals, placed in sealed plastic bags, and fransported to our laboratory for
further classification and tesfing. Laboratory tests were performed on representative soil
samples to characterize certain physical properties of the site soil. The laboratory
testing program was limited to visual inspection to confirm field soil descriptions,
determination of natural moisture content, soil grain size distribution, and Atterberg
Limits.

The natural moisture contents of selected soil samples were determined in general
accordance with ASTM D 2216 test procedures. The results from the moisture
determinations are indicated on the summary logs, adjacent to the corresponding
samples. Grain size analyses of selected soil samples were conducted in general
accordance with ASTM D 422 test procedures. The resulis are presented in the form of
grain size distribution curves on Figures A-7 and A-8. The liquid limit (LL}, plastic limit
{PL), and plasticity index (PI) of selected scil samples obtained from the exploratory test
pits were defermined in general accordance with ASTM D 4318 test procedures. The
test resulls are presented on Figure A-9.
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Sail Classification System

Uscs
MAJOR GRAPHIC LETTER TYPICAL
DIVISIONS SYMBOL SYMBOL DESCRIPTIONS/"
GRAVEL AND CLEAN GRAVEL __ig_ig' g GW Wel-gratiad graval; grevelisand mixiuce{s); litis or no fines
o oy Cp.
ga2g | GRAVELLYSOL (Uileorrofines) P9 GP Paorly grares graval; gravalisand mixtura(s); lille o rio fines
b ] B
535 |otmmmmeet, fomave i resEREEEET G| sy mot sttty
g amount
% ';‘ § onNo. 4sleve) fineg) ; J GC Clayey gravel; gravelsandfciay mixtura(s)
3 %% SAND AND CLEAN SAND Well-gyraded sand; gravelly sand; lidle o no fines
Eg:’ E E SANDY SOIL (L or o fines) o : Poorly graded sand; gravelly sand: IRtie of no fines
= More than 50% of 141 .
GOS8 | coorm haclonpad | SANDWITHFINES [} | l 4] SM | Shysand sandiek mhiurs(s)
fvouoh No. 4simvs) | thsprecialle amawntof /2 / A SC | Clayey sand; sandictay mixiures)
e ML Inasganic silt and very fine sand; rack ficur; slity or ciayay fine
223 SILT AND CLAY : sand or clayey slitwith sight plaskiclty
O inorganic clay of low to madiurm phasticlly; gravelly clay; sandy
o E8 {Liquid Bmit less then 50) /// CL dlay; sity clay; iean day
z é%rﬂ- f?? §§§ oL Organic sit; arganic, sty clay of low plasticlly
.
[
EE? 5% SILT AND GLAY MH Incrganie sif; micaceous or diatomaceocus fne sand
i 52 CH Inocganic clay of high plasticity fa
Ego_g (Liquid limit greater than 50) ///A novganic day ol e iy, fat elzy
2 fﬂjf% OH Organic clay af medium to high pasticity; orgaric sil
HIGHLY ORGANIG S0OIL PT Peat; hums.s; swamp sofl wikh high organic content
GRAPHIC LETTER
QOTHER MATERIALS SYMBOL SYMBOL TYPICAL DESCRIPTIONS
PAVEMENT or PC| Asphstt concrete pavement or Porttard cevnent pavement
ROCK RK Rock (See Rock ClassiRcation)
WOoD WD Wood, kinber, wood chips
DEBRIS Af)“f%f DB “Construction debits, garbage

Prirzry

Comstituant:

> 50% - "GRAVEL," "SAND," "SET,” "CLAY,” alc.
Seoux!aryt:onsmerts. > 30% and < 50% - “vary

Nay anc!y " "wery silty," el

gravelly,”
> 12% and < 30% - "gravew""sandy “slity.” etc.

Ieldifone) Constiuents: > 5% and < 1:2% - "slighty gravelly,” "slightly sandy,” "slghtly sity,” etc.

< 5% - "trace gravel," “race sand,” trace si." eic., or not noted.

Notes: 1. Sdil descriplions ame based on the general appreach presentad in the Standard Practice for Description and identificafion of Soils {Visual-Mamal Procadiire),
as outlined In ASTM D 2488. Where laboratory Index 1esting has been conducted, sall clagsHications are based on the Standand Test Method for Classification

of Salfs far Engineering Pumposes, 85 cullined in ASTM D 2487.

2 5ol descriplion emminology ks beised on visuzl estimates (o the absence of [aboratory test data) of the percentapes of sach s0ll type and Is defined as follows:

Drilling and Sampling Key Field and Lab Test Data
SAMPLE NUMBER & INTERVAL SAMPLER TYPE
Cade . Description Code Descripfion
Sample identificationNurber @ 3:254nch ©.D., 2.42-Inch 1.3, Split Spoon PP=1.0  Pocket Penetrometes, isi

b 200-nch 0.D., 1.50-Inch .D. Spilt Spoon TV=05 Tarvane, tsf

I § — RecoveryDepthibaval ¢ Shelby Tube PID=100  Photaivnization Detector VOO scresning, ppm
d  Grab Sample We10 Muoisture Cantend, %

1&@‘* Sampie Depth intarvst e Other- See lext ¥ appicable D=120 Dry Denslty, pef

Portion of Sampls Retained ™ 1 300-1b Hammer, 30-inch Grop -200=60  Matarfal srnaler than Na 20D sSava, %
for Auchive or Apelysls 2 140-Ib Hammer, 30-Inch Drop G3 Guzin Size - See separata figure for data
3 Pushed AL Aflarbarg Limits - Sas separaia figurs for dala
4  Other- Ses text if appicabla GT Oibher Geotachnical Tasting
Groundwater CA  Chemical Analysis
Y Aporoximate water elevation al ime of drillng (ATO) or on dete noted. Groundwater
ATD !evels can ficiuate due o precipitation, seasorsl condilions, and olher factors.

GCOTCST

Cascade Valley Hospital
330 S Stilliguamish Ave.
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Soil Classification System and Key

Figure

A-1
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B-1

MNotes: 1. Slratigraphic enntarts are hasad an fiakd interpretatians and are approximate,
2. Reference to the lexi of this repord Is necessary for a proper understanding of aubsurface conditions.
3. Refer o "Soll Classification Syslem and Key* figurs for explanation of graphics and symbols.

SAMPLE DATA SOIL PROFILE GROUNDWATER
é 9 -'E 3 | Driling Method: Hollow-stem Auger
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C ravelly, sllghth(sll 1:: sl D {poss! 7
N 1 D: b2 | a4 | W=1i2 gll}. sy 1
3 W= Medium dense b dense, Eght brawn to gray, ]
- 2 b2 | 34 damp Lo moist, gravelly, vary clayey, fine io B
L ocoarse SAND, scattered cobbles and .
- oursional baulders {glacral ). 3
- 3I b2 | 82 | W=10 Boulderfobsiruction encountered at ~7 feet ]
C BGS. Relocated approximately 2 fael away :
_—10 and drilled o 7.5 fael BGS. 7
. 4I b2 | 26 | w=14 27 ]
15 7 3
C ¥ am ]
- Sqll begomes gray below approximately 17.5 _
N 5 b2 | 45 fest BGES. ]
s :
20 -
" sI we | % w1 .
-_25 _:
- W=10 .
- ?I || es ]
- AL i
30 -
Z 8 I 2| 2 |W=1 .
= E
- w=10 [/ .
- Q-H_ 2] ® | " [ ]
—40 Boring Comgieted OROA0T —
N Total Depth of Boring = 39.0 [t .
| a5 3
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SAMPLE DATA SOIL PROFILE GROUNDWATER
= = = - Hollow-stem
é gl _ g g | Driiing Method: Hollo Auger a
= ':'E =18 o E- Ground Elavation (f): Not Determinad ;%
= el B = o 0
£ og| s Q £l w
o EE tEu [ B 8 '%
8 ws|ld|m| B |63 2
VAC /] Appruximataty 2 inches of asphalt pavenneant
SN \enownmd.ly =
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11 2| 8 cs
5
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Log of Boring B-3

SAMPLE DATA SOIL PROFILE GROUNDWATER
E E = | Drilling Method:_Hollow-stem Auger

E | & 4 E| 2 i .
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- - Medium dense, brown, damp, gravelly, sitty -]
C 11 b | 2 | W22 PAASC “SAND {posgible ). e ]
- Gs [/, Medium dense 1o dense, lght brown o N
e 77 brawn, damp o moist, gravely, dayey o N
—5 r o4 vary clayey, fine to coarge SAND, scattered “
N 2I bz | 22 | wW=1a [0 cabbley and irace boulders (pglacial &l ]
- 7 Boukder/abstruction ancountered at —4 fast 1
N 7 BGS. Relocaled appraximately 3 feet away ]
: 3:!: b2 | 37 | w=14 (7 .{ d and drilled to 5 fest BES. :
10 —
R w=11 b/~ / ]
I IRl7 ]
15 /7 -
o 5I b2 | 44 | w=10 [/ .
20 (/7 YV sight 3
n BI w2 | o | w=11 Y7/ ]
oo 7 .
- dINGE: A .
o0 7 E
C sof | w=12 / ]
" BI 02| e ]
-3 /S =
C 'g—ﬁ b2 | 42 | W=9 A ;
40 Campleted 0ATEY07 -
N Tatal Dapth of Boring = 380 ft. ]
- s ]

- Notes 1. Siraligraphic contects are based oa field inlerpretalons and are apmroximats.
2 Refererce lo the lext of this report Is necessary for a proper understanding of submsurface condilions.
3. Reder lo "Soil Classification Syetermn and Key™ figure for explanation of graphics and symbols.
Cascade Valley Hospital Figure

A-4
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B-4

-
=

Y
&n

Boulder/obstruction sncowtared at =10 feat
BGS. Relocated approximately 4 feel away
and drited to 12.5 feat BGS.

Boulderfobsfrudiion encountered at ~15 feat

Barlng Completed 080407
Total Depth of Baring = 150 1L

B 8 b B

S

l|||||||i|||||I||||||IIIIIIII|IIIIIIIII|IIllllIIII||||lIl|l|!|ll‘l‘lill||||||||||||||||||||

T
&

BGS. Exploration terminated dus i second
refusal on object.

SAMPLE DATA S0IL PROFILE GROUNDWATER
‘-g o ._Bé g | Driling Method:_Hollow-stam Auger
€ 25| E 2 f;" 5 Ground Elevation (ft).Not Determined
£ £F al % =] = | ®w
g ESE|E|E| 3 |88
_E{l} wes| @ | @ ~ [
T LAS S ﬁppms:lrrlatalyzlnch&eufaspm[tpavmm
11| e encountersd s
1.1 Madium dsnse, brown, damp, gravelly, siity
11 2| a lwen 71 ~SAND { Toie il — Groundwater nol encountered.
/ Densa to very dense, kght brown to brown,
/ damg, gravely, clayey to very Clayay, fine to
5 i coarse SAND, scatterad cobbles and
ZI b2 | 53 | w=9 % ccasionsl boulders (glacial ).

llIIIIlllI(lllllIIlIil‘l!lllll

Notes: 1. Siretigraphic condects are based on field Inlerpretatfons and are approximate.
2. Reference 1o the ted of this repart Is necessary for a proper understanding of subswface condifions.
3. Refer to “Saoll Classificalion Systemn and May” figure for explanation of graphics and symbols.

.Ilrlllllllllllll|||||||!lll!tlIlllllrllllllltrlr|l||rlll||||

GCOTCST

Cascade Valley Hospital
330 S Stiftiguamish Ave.
Arington, Washington

Log of Boring B-4

Figure
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B-5

SAMPLE DATA

SOIL PROFILE

GROUNDWATER

Sampler Type
Blows/Foot
Graphlc Symbol

Depth (/)
Sample Number

& Interval
Test Data

=

Drilling Method:_Holow-stem Auger

Ground Elevation (fty._Not Defermined

'\Appruximamly 2 inches of asphalt pavement
sncouttered,

Ya

Madinam dense, brown, damp, gravelly, sitty

@ EE’; USCS Syrmbol

]
=

- [

“SAND {posaible fill).

—

Madiuem dese, Ight brown, damp, pravely,
clayey 1o vary clayey, fine 16 ¢oarse SAND,
seattared cobibies and occasional houkisrs

(olacied tir.

Boulder/obstruction encountered at ~10 jest

—
(=4

Bosing Completed 080407
Toial Depthvaf Boving = 10.0 |

IIl!II]I.IIIIIIIIIIIIIIIIIIIJIJIIIIIIIIIII'IIIIFIIII|ll|l|lll||l|llllll|
& 8 B B &

Illilllll]}llilll.l.lll
&

&

BGS. Explaration tarminated due brolen
transmission on dil rig.

Groundwatar not encourtemad.

IIIII|I|II|I[|I|II|

Ve

Notes: 1. Stratigraphic contacts are basad on fleld Inferpretalions and are approximate. .
2. Reference ko the text of this repost Is necessary kb a proper underslanding of subsurface conditions.
3. Refar io "Soll Classification Systam and Key" ligure for exptanation of graphics and symbuols.

I[IIIIIIIIII‘II‘IIIIIIFII‘lllllll‘llllllllllllllIII|I|||(|I|||I||P|]II|I

GROTEST| S eS i he

Arlington, Washington

Log of Boring B-5

Figure
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-480702.00 $507 X\O-PRDJECTS GECICASCADE WALLEY HOSPITAL - 07-0668 - HOSPITAL EXPANSIONGINT.GP] GRAIN BIZE WSTATS

U.S. SIEVE OPEMING IN INCHES I LS. SIEVE MUMBERS I HYDRGMETER
g 13 2 1 Vo 3 4 8 10 1,16 50 30 45 60 g 100 4,020
1mﬂ | : % ol UL : Iyl T TR : | B
80 : - N
: TN
80 : NG | TN
rz N
: : N
70 . C\{‘
gm A
=
I X
g : N
g 40 3
30
20
10
0 = :
100 1G 1 0.1 0.01 0.001
Graln Slze in Milimeters
Gravel Sand
Cobbles - Silt or Clay
coarse | fine cnarse' medium | fine
Point Depth Classification L |PL| Pl | C | C,
®| B-1 5.0 | Gravelly, very clayey, fine to coarse SAND (SC)
x| B-1 27.5 | Gravelly, vory dayey, fine to coarse SAND (SC) 22 12 10
A|B-1 37.5 | Gravaelly, vary clayay, fing to coarse SAND (SC)
*|B-2 2.5 | Gravally, very clayay, fine to coarse SAND (SC)
&®| B2 225 | Gravelly, very clayey, fine to coarse SAND (SC})
Point Depth| Dy D Dy D, D, | “oarse | %Pre % Coarse [ % Medum | %Ie | s Fines
®|B8-1 50| 875 0.805 0.277 3.8 10.4 8.8 13.4 219 327
x| B1 275 19 0.47 0.188 0.0 19.9 7.9 131 2486 34.5
Al BA 378 19 0.781 0.281 0.0 2249 8.0 134 233 34
| B-2 2.5 375 0.526 0.223 10.6 10.0 7.9 13.5 23.7 34.3
lo|e2 225 19 0.294 0.42 0.0 13.1 8.2 14.1 249 39.7
C, = DyH{Dgy" Dio) To be well graded: 1 < C. <3 and
C,=Dy/Dy C,> 4 for GW or C, > 6 for SW
Cascade Valley Hospital Figure
IGCOTCST| 330 stiliguamish Ave. Grain Size Test Data A-7
Arlington, Washington =




-430702.00 #1907 XW-PROJECTS GEDICASCADE VALLEY HOSPITAL « 070558 « HOSPITAL EXPANSIOMGINT.GPJ GRAIN 3LZE VWSTATS

LS. SIEVE OPENING IN INCHES ! U.8. SIEVE NUMBERS ! HYDROMETER
6 * 3 295 Ty WRyp 3 4 8 104418 55 30 4 50 gy 10049200
100 I : N T ETTT I] T E : T T W
" A\ z
80 : i
m ; ;

S : WE

a0 3 ; :

2 : N T

ey T re

o . N :

5 A :

E 50 H \ R

: N

| HRN-NI:

W\
\\
N
30 “
20
10
o : M M
100 10 1 0.1 0.01 0.001
Grain Size in Millimetars
Gravel Sand
Cobbles Silt or Cla
coarse I fine coarse | medium | fine Y

Point Depth Classification tL | PL | PI C. | G,
®|B-3 2.5 | Gravelly, clayey, fine fo coarse SAND (SC)
| B-3 12.5 | Giavelly, vary clayey, fine lo coarse SAND {SC)

A|B-3 32.5 | Geavelly, very clayey, fine o coarse SAND {SC)

*| B4 12.5 | Gravelly, very clayey, fine ta coarse SAND {SC)

Point Depth | Dy Do Dsy Dy Dy | eres] Erre [ HIoaee [%Medum [ %8 T % Fines
®|B3 2.5 KT 0.998 0.389 0.085 3D 18.4 10.1 16.4 227 284
x| B-3 125 375 0.769 0.293 6.2 18.2 7.0 13.0 23.2 3.5
&|B3 325 375 0.522 0.213 3.1 17.1 8.5 131 2283 354
*{ B4 125 375 0701 0.252 6.0 17.8 7.5 13.1 23.1 327

GCOTCST

C. = Dy 7(Dgo” Dyg)

Cy = De/Dye

To be well graded: 1 <C,< 3 and
C. > 4 for GW or G, > 6 for SW

Cascade Valley Hospital
330 8 Stilliguamish Ave.
Arlington, Washington

Grain Size Test Data

Figure

A-8
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IGCOTC ST

330 S Slilliguamish Ave.
Arlington, Washington

Plasticity Chart

g
cL CH /

50 /"

40 /
3 v
§ /
5 30 - _
&
g /
o ” //

10 ® /

ve
CL-ML d mt or OL MH orJOH
0
0 10 20 30 0 50 80 70 80 90 110
Licpuid Limit (LL}
ATTERBERG LIMIT TEST RESULTS
Exploration| Sampla Liquid | Plastic |Plasticity Nalc.:'aliﬂ! Unified Soil
Symbol| Number |Number|Depth| Limit | Limit | Index |Mois Soil Description Classification
| )| (% | (W) (%)
° B-1 7 |2z75| 22 | 12 | 10 10 | Gravelly, very dayey, fine to coarsa SAND sC
Cascade Valley Hospital Figure
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250
245
240
235

230

Cascade Valley Hospital
(Static Condition)

Assumed Soil Properties cm.mmm
Siity Sand
r =115 pef

L Building Area Phi = 28 degree

Assumed Soil Properties
Gravelly, Very Clayey Sand
(Glacial Till)

r=125 pef

Phi = 32 degree

U N U U N I N A v A s T

§ 10 15 20 25 30 35 40 45 50 55 €0 65 70 75 HO &5 80 g5 100 406 110 115 120 125 130 135 140 146 160 165 160 165 170 175 180 185 180 185 200
‘Distance (ft)
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250
245
240
238
230
225
220
215
210
205

195
190
185
180
175
170
165
160
155
150

Cascade Valley Hospital
(Seismic Condition)

Assumed Soil Properties , 1.570
Silty Sand
r=115 pef

-Building Area Phi = 28 degree

Assumed Soil Properties
Gravelly, Very Clayey Sand
(Glacial Till}

1 =125 pef

Phi = 32 degree

3.5H : 1V Slope

I e e s I U O

5

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 156 16D 165 170 175 180 185 180 195 200
Distance (ft)



